Purpose. The aim of this article was to analyze the relationship between tactical behavior and affective decision making of U-17 youth soccer players. Methods. The sample was comprised of 154 participants meeting the study inclusion criteria. Players played 4-min games on four-person teams (including goalkeeper) on a small-sided soccer field. The System of Tactical Assessment in Soccer (FUT-SAT) was used to determine the defensive tactical actions performed by players according to five different tactical principles. A total of 6140 defensive tactical actions were recorded. Their affective decision-making was measured by a computerized card task, the Iowa Gambling Task (IGT). Results. Significant negative correlation was found between players' learning curve and the incidence of actions based on the principle of concentration. Less impulsive players presented a lower incidence of actions tied with the principle of concentration in comparison with more impulsive players. Conclusions. The findings suggest that, in the defensive phase, players who are less impulsive decision makers may benefit from more secure and stable defensive styles.
Introduction
The study of team sports dynamics through the observation of players' and teams' behavior patterns is longestablished, having emerged concurrently with the demands of professional athleticism [1] . Soccer is a team sport in which unusual task situations are recurrent, where tactical behavior can be defined as a series of actions performed by players in order to contend with match situations using the most suitable means possible under the constraints of time, space, and task [2, 3] . As such, the analysis of tactical behavior in sports should not solely be based on a concrete action performed in isolation but rather on comprehensive (individual and collective) tactical actions that include all the typical characteristics of isolated actions [4, 5] .
In this respect, studies have been conducted in recent years to analyze tactical behavior in soccer with the purpose of determining to what extent this aspect might be influenced by other variables. Some researches aimed to examine the association between tactical behavior and contextual variables (i.e. match location, playing position, positional demands, and match status) and verified that players' behavior is likely to be affected by these constraints to various extents [6] [7] [8] [9] . Other authors addressed the subject by investigating the influence of relative age effect (RAE) and changes in playing area, finding the role of RAE to be rather minor while the increase or decrease of field size demonstrated that tactical behavior patterns might undergo modification according to spatial constraints [10, 11] . However, few studies in the literature have attempted to analyze tactical behavior in soccer from a cognitive perspective or tried to find correlations between these two variables [12] .
The significance of cognition in the tactical context of soccer is readily apparent, as authors have already highlighted the relevance of studying perceptual and motor structures in order to understand central cognitive processes such as decision-making [13] [14] [15] [16] . Decision making can be defined as a process influenced by marker signals that have evolved from bio-regulatory processes, especially those expressed via emotions and feelings, which in turn are engendered by the body in anticipation of upcoming events [17] . In soccer, decision making is regarded as being an attribute of 'game intelligence', which is a factor that discriminates successful and less successful players due to its vital role in selecting and executing actions that are more suitable and more likely to succeed in a particular scenario [18] . Naturally, various perceptual-cognitive patterns are often observed, as players differ from each other in terms of perception, anticipation and, more noticeably, in terms of decision making [19] . It is reasonable to assume that examination of the way players make decisions might provide coaches with more information about the sort of tactical behaviors they could expect from players during a specific match scenario or, particularly at youth levels, how they can develop players' decision-making skills to perform better in later competitive events.
From the age of 5 up to 17, players are still developing various coordination abilities that are crucial for performance in team ball games. However, from 15 to 17 years of age, body coordination and agility, whose de- 
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HUMAN MOVEMENT velopment occurs more rapidly than any other maturation and growth processes during this age interval, are nearly fully developed. This suggests that evaluating tactical actions at this age might better reflect how such players will behave in tactical terms when playing at higher competitive levels [20, 21] .
Thus, in order to further existing knowledge about affective decision-making and how it could underlie players' behavior patterns, the aim of this study was to analyze the relationships between tactical behavior and affective decision making of U-17 youth soccer players. Sample inclusion criteria required subjects to be engaged in a systematic training program and belong to a soccer club that participated in tournaments on a regular basis. Soccer club representatives and coaches of U-17 youth teams were contacted and provided with an overview of the study's purpose and procedures. Clubs willing to participate signed a Statement of Authorization, granting permission for their players meeting the study's requirements to participate as well as to the researchers to utilize the clubs' facilities for testing purposes. Parents or guardians of the players also provided written informed consent. In total, 154 U-17 youth male soccer players were recruited.
Material and methods

Sample and participant selection
Instrumentation and procedures
An assessment of the defensive tactical actions performed by players with and without possession of the ball was performed with the System of Tactical Assessment in Soccer (FUT-SAT), developed and validated by Teoldo et al. [22] . This assessment is based on ten core tactical principles in the game of soccer, five offensive principles -(i) Penetration, (ii) Offensive Coverage, (iii) Width and Length, (iv) Depth Mobility, and (v) Offensive Unity -and five defensive principles -(vi) Delay, (vii) Defensive Coverage, (viii) Balance, (ix) Concentration, and (x) Defensive Unity. Actions such as throwins, free kicks, corner-kicks, as well as those in which did not cover any of the above defensive tactical principles were not included in analysis.
In-game tactical actions were assessed through filming the participants playing small-sided soccer games. The playing field was 36 m long by 27 m wide with a 6 m wide by 2 meters tall goal post placed at each end of the field. Players were distributed into teams in a 'GK+3' arrangement (goalkeeper + 3 outfield players) and played against each other. Each game lasted 4 min. Before starting the test, all players were properly informed about the research procedures and objectives and provided with a 30-second familiarization session. Players were asked to play according to the rules of association soccer except for the offside law. No feedback was provided to the players during the tests.
To record the field tests, a Sony HDR-XR100 digital camera (SONY, Japan) was placed diagonally to the goal line and sidelines. The players wore vests with distinct colors and numbers in order to be identified for later video analysis. Video footage was then processed and analyzed using Soccer Analyser software (Eduardo Valgôde, Portugal). In total, 6140 defensive tactical actions were identified.
The second instrument in this study was the Iowa Gambling Task (IGT) developed by Bechara et al. [23] and transculturally adapted to Brazilian Portuguese by Malloy-Diniz et al. [24] . This instrument is a computerized test that assesses the decision-making process by tasks connected with impulsivity due to a lack of planning [25] . It factors several aspects of decision making, including uncertainty, risk, and evaluation of reward and punishment. In this game-shaped test, four decks (labeled A, B, C, and D) of cards are shown to the participant on a computer screen. At the start, the participant receives a loan of 2000 credits in 'play money' in order to begin playing. He must choose one card at a time from any of the decks. The card can provide a monetary win or loss of different amounts (reward or punishment). Two of the decks (A and B) produce high immediate gains. However, in the long run, these two decks cause the player to lose more money than they win and are therefore considered to be the disadvantageous decks. The other two decks (C and D) are considered advantageous, as they result in smaller gains but yield more money than is lost in the long run.
The rules of the game, however, are not disclosed to the participants; they are required to ascertain how the game works and what the most advantageous strategy is. To the participants, the objective of the game was described to win as much 'play money' as possible. The game ends when the participant chooses the hundredth card. The test was performed on a laptop computer, located in a quiet place free of loud noises, environmental stress, and external distractions that might disturb the subjects while performing the test.
Statistical and reliability analyses
Net IGT scores, based on each trial of 100 cards, were calculated by subtracting the number of disadvantageous choices (from decks A and B) from the number of advantageous choices (from decks C and D). The global net IGT score was calculated by applying the same formula to a total of 100 trials. In order to examine the correlation between affective decision making and tac- tical behavior, we calculated the players' learning curve during the IGT task using descriptive analysis (means and standard deviation) on the scores from each trial. Descriptive statistics (means and standard deviations) for the defensive tactical principles were also calculated. The Kolmogorov-Smirnov test was performed to check the distribution of the data. Spearman's rankorder correlation test was applied to see if any relationships existed between the variables (significance level set at p < 0.05). Analyses were performed using SPSS for Windows 20.0 (IBM, USA).
Test-retest reliability of determining tactical actions according to the FUT-SAT was assessed by Cohen's kappa after respecting a three-week interval for reanalysis, thus avoiding the effects of task familiarity [26] . Three observers participated in the procedure. A reassessment of 1812 tactical actions or 29.5% of the total sample was performed, superior to the minimum value (10%) indicated by the literature for this procedure [27] . Intraobserver reliability kappa values were between 0.888 (SE = 0.007) and 0.985 (SE = 0.003). Inter-observer reliability was found to be between 0.810 (SE = 0.023) and 0.989 (SE = 0.011). These values are classified as 'almost perfect' (0.81-1) by the literature [28] .
Results
Mean values revealed that players performed on average 36.55 ± 8.12 defensive tactical actions. The mean number of actions of Defensive Unity (13.37 ± 5.32) performed by players proved to be higher in comparison with the other principles. In contrast, Defensive Coverage (2.39 ± 1.91) presented lower mean values than all other defensive principles (Tab. 1).
Although correlation analyses did not reveal significant correlations between the IGT results and the incidence of most of the defensive tactical principles (Tab. 2), the principle of concentration presented a significant moderate negative correlation (rho = -0.313, p < 0.01). Such a result suggests that increased IGT values promote a decreased incidence of actions of concentration. Despite the results not being significant (p = 0.094), the principle of balance showed a weak positive correlation (rho = 0.135) with the IGT results.
Discussion
The role of cognition in soccer, particularly in the tactical context, is recognized as a crucial subject by the current literature. Despite such a widely held notion, there are few studies, to the authors' best knowledge, that have examined the function of certain cognitive processes for specific behaviors within the dynamics of the game. Aiming to broaden existing knowledge on this subject, we analyzed the relationship between tactical behavior and the affective decision making of U-17 youth soccer players.
Results revealed that players' affective decision making and the incidence of most of the tactical principles were not significantly correlated. Conversely, we found that players' learning curves presented significant moderate negative correlations with the incidence of actions tied with the principle of concentration, implying that players who performed a lower number of actions based on the principle concentration were those whose decisions were predominantly based on planning rather than impulsiveness [17] .
According to Worthington [29] , one of the main tasks of playing as a defender in soccer is restricting the 'working space' that attackers try to create, an action of opposition which is referred to by the author as the principle of concentration. This principle is based on defensive players' movements toward a zone on the field that, at a given moment, poses a high risk of being taken advantage of by the opposing team to score a goal, with the aim of increasing defensive protection, reducing the space available for attacking opponents to progress, and, consequently, facilitating ball recovery [30, 31] .
Based on the findings of the present study and the concepts on which the principle of concentration is founded upon, we assume that players in the defensive phase who are more impulsive decision makers are more likely to position themselves closer to the center of play, thus limiting the working space of the attacker with the ball and denying him a clear view of the goal [29] .
Conversely, subjects who presented IGT learning curves indicating decisions based on planning did not demon- strate the same behavior pattern. The correlation between planned decision making and the principle of balance, despite not being statistically significant, suggests that players with such a characteristic tend to play laterally in relation to the center of play, especially if taking into account that this tactical principle is based on actions of blocking the space of opposing attacking players (who are not in possession of the ball) and slowing down the pace of the opponent's attack [31, 32] .
These interpretations may have implications in the tactical context, especially in terms of visual cues, as more impulsive players may use the ball more often as a reference point when not in possession of the ball, while those less impulsive may tend to base their positioning during the defensive phase on the movements and actions of their opponents. This could be an indication that the role of different affective decision-making patterns may be advantageous depending on the kind of behavior that coaches expect from their defenders. Those coaches who choose to play more aggressive defending styles, exerting high pressure on an attacker in possession of the ball, could benefit from more impulsive players, while coaches who prefer a more conservative style, favoring security over speed and intensity [33] , may find less impulsive decision-making players a more suitable choice.
Conclusions
In summary, affective decision making was negatively correlated with the incidence of the principle of concentration, allowing us to infer that players who display more planned decision making could be better at playing more conservative defending styles, while those who present results that indicate a more impulsive decisionmaking style may be better suited to more aggressive approaches in defense. The main contribution of our study to the current literature relies on the importance of cognition in tactical behavior and therefore on the need to map players' cognitive characteristics, such as decision-making, so as to estimate the behaviors they might display in real match situations.
